To study the processes of forming and growing embryonic fatigue cracks in steel EI-847 when tested under a uniaxial tension at constant load; adapting the method of scanning contact potentiometry using the INSTRON-5982 machine. The embryo was detected on the sample surface-in the yield point-and stably tracked by the equipment indications at higher loads up to the fracture point.
INTRODUCTION
Seamless cold-deformed thin-walled pipes at high temperature corrosion-resistant austenitic steels 06H16N15M3B (EI-847; TY 14-159-293-2005) are used as a fuel element shell in nuclear power plants, it is also considered a candidate in the absorbing element construction, at a temperature between 900-1200 ∘ C, with a combined absorber B 4 C-Hf for regulators in VVER-1000 reactors [1] . Experience shows that using corrosion-resistant steel in nuclear reactors for a long-term operation leads to an occurrence and a development of a various types of damage, due to working stresses arising from the pressure and temperature of the operational environment. At present, a highly serious issue of a safe operation of PGV-1000M steam generators in the VVER-1000 reactor system is the stress-corrosion cracking in the welded joint node No. 111 [2] . When microscopic cracks or discontinuities appear in this node, a further operation of the steam generator can lead to its destruction. Therefore, the early stage solution for detecting mechanical defects will guarantee the operation safety, and to avoid a high material costs in case of failure.
Nowadays, there is a list of non-destructive testing methods for nuclear power plant equipments including ultrasonic, acoustic-emission, eddy current, magnetic anisotropy, and others. MIE-2017 Use scanning contact potentiometry (SCP) method opens up opportunities to study surface stresses distribution and deformations, mechanisms of plastic deformation, stages of development of internal defects leading to material destruction, and other physical processes. An informative electrical signal is formed on the contact spots of the transducer-the mechanical contact surface is a sensitive element of the electrophysical transducer-while the object of control is under load.
The number of contact spots of the transducer is determined by the intensity of the contact interaction in the contact zone and the processes occurring in this zone. It also depends significantly on the variation of ripple and roughness parameters. Sensors of Scanning Contact Potentiometry method (SCP), has advantages over other nondestructive testing measuring devices. The main advantages are: sensitive element has a low weight, small dimensions due to the small linear dimensions of the spots formed under micro contact; high reliability and reproducibility of measurement results; High immunity noise and low noise level.
Sensor design adapted in this method is empty from high-current circuits and heated areas; therefore, measuring system is characterized by high fire safety. Low power level of useful signals and the absence of sparkle in mechanical contacts should also be noticed.
The SCP method provides the possibility of multi-point and distributed measurements, including the use of time-frequency multiplexing of sensitive elements located in different portions of the test object. Temporal coding program and spectral analysis were used to process the incoming information flow.
Aims of this work are to study the fatigue failure of steel EI-847 with the SCP method, to establish a causal relationships between the parameters of the diagnostic signal and the structural changes of the material, to study the construction of potentiograph surface for various loads and to study the fractured surfaces of a sample by the method of fractography; by means of both optical and electron microscopy.
RESEARCH METHODS

Scanning contact potentiometry
The results of preliminary tests carried out of the tensile machine P-5 on steel 12H18N10T and steel-45 showed that during the loss of a stable flow and the formation of a local constriction, the most noticeable changes in the amplitude of the electric potential difference occurring at a higher speed are observed in the region of local narrowing and are connected, in particular, with the processes of forming a cup MIE-2017 fracture and the nucleation of a microscopic crack. For austenitic steels, higher signal amplitude was detected in the load region corresponding to the short-term tensile strength. The obtained results allowed the correcting of the fatigue testing technique, to determine the frequency-time intervals of the change in the useful signal and to develop additional programs for processing and presenting the results.
Potentiometric measurements were performed using the hardware-software complex "ElphysLAB-IDS" of the mobile information-diagnostic system located in the Asus was terminated by a complete unloading of the sample, a change in its shape was recorded and the roughness on the working surface was measured. Within one week after the tests, the sample was kept in an unloaded state under normal conditions, after which the tests were resumed, starting-as a rule-from a higher load level.
During the experiment, at each regime, sample surface temperature was measured using thermocouple. In total, five test cycles were conducted in stress range from 12
to 680 MPa as shown in Table 1 .
MIE-2017 Table 1 : Specifications of electromechanical testing using INSTRON-5982.
Statistical load, kN up to 100
The resolution of the servo to move, µm 0.08
Accuracy of displacement measurement from measured value,%
±0.05
Test speed, mm/min 0.005-1016
The accuracy of the drive speed of set, % ±0.05
Frequency of synchronous data recording, kHz 1
Optical and Electron Microscopy
The fracture surface of the sample was studied by both optical and electron microscopy. Cutting ends for fractographic studies in a scanning electron microscope was performed with a precision cutting machine MECATOME T180. The machine allows to process samples of a wide class of materials, has adjustable cutting parameters that are set using a touch screen. After cutting the ends, the samples were filled with conductive Carbon-containing polymer Technovit 5000. Pressing samples into the conductive composition before polishing was carried out using the XQ-2B molding press. Thin section for studies were prepared using semi-automatic grinding and polishing machine POLYLAB P12 and preliminary stages of surface preparation were performed. For final polishing, an alkaline suspension of colloidal silica SiO 2 with a particle dimension of 50 nm was used. To control the quality of the sample surface during grinding, an optical metallographic microscope MMP-4 was used. Resulting a roughness corresponded to twelfth grade of surface purity with a R parameter equal to 0.04 μm, it did not contain mechanical damages affecting quality of images obtained and results of microanalysis.
Surface profilometry
To study fracture surface, the optical microscope MBS-1 and MOTIC SMZ-143 were also used. The distribution of ripple and roughness on working surface sample was determined using a universal digital surface roughness tester (VOGEL). The arithmetic mean deviation of the surface profile R was measured along eight paths after each test cycle on the basis of 0.25 mm (GOST 2789-73).
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Microhardness measurement
To calculate the surface stress diagram based on the model of interacting surfaces, Micro-hardness values H were used, which were measured on a basis of 1 mm, by
Vickers method on an HVS-1000 instrument with automatic feeding of an indenter at a load equal to 1 N. The holding time under load was about twenty seconds; at least 30 measurements were taken at each site. The relative error measurement did not exceed 10%, and values of Micro-hardness varied from three to nine thousand MPa.
RESULTS AND DISCUSSION
Results of the distribution of surface potentials
Selected values of the wave vectors (qi) for the simulation of surface deformations wave at the site of contact with a coordinate (x,y)-coinciding with the working surfaceobey the condition ≤ ≤ , where = 2ð/, and = 2ð/ = 10 −7 м and = 10 −4 м. The Degree of surface deformation is evaluated on the basis of function, power spectral density C(q) [4] and used in the analysis of surface stresses Eq(1):
The size of the fractal is taken equal to D = 2,2, and the Hurst exponent H = 0,8, the function C(q) is represented in the form ( ) ∼ −2( +1) [3] .
The structure of the diagnostic signal was analyzed at different levels, starting at 
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The fracture surface is an oblique cut in cross-section, the greatest thinning with a characteristic tooth on one half of the sample, and the corresponding depression on the other half in the Central part. The size of the tooth along the line of fracture is about two millimeters as shown in (Figure 4) , the side surface is parallel to the activities between themselves and perpendicular to the bottom plane of the tooth.
Optical and electron microscopy made it possible to completely reconstruct the pat- (Table 2) , increased more than fourfold as compared with the initial one.
The motion of surface strain waves leads to a chaotic redistribution of stress con- The constructed grid on the potentiograms, with a cell size of 100x100 μm, made it possible to estimate the size of the embryo and its equivalent area. The size of the region corresponding to the maximum tensile stress at the 525 MPa load at the moment of embryo location is from 100 to 200 μm. With increasing the load, the size of the embryo increased by about three times when destroyed. The equivalent area of the embryo was calculated using the formula S = R = 210 3 μm 2 , where R is the radius of the contact spot.
CONCLUSIONS
1. In order to further improve the electro-physical diagnosis of a deformation damage, a technique has been developed for detecting discontinuities in a tensile test under conditions close to the ultimate strength. The fatigue failure of EI847 steel by the SCP method was studied and real-time potentiograms were plotted, With increasing the load, the size of the embryo increased by about three times when destroyed. An estimate of the equivalent area of the embryo corresponds to a value of 2.10 3 μm 2 . The amplitude of the electric potentials in the central part of the sample increased with increasing the intensity of the applied load and is associated with an increase in the inhomogeneity of the internal stress field around the embryo; at a load of 525 MPa, the maximum value of the amplitude of the diagnostic signal changed at the level 2 mV, at 591 MPa at a level of 4 mV, and at 650 MPa it grew to six mV.
4. Using the method of fractography with the use of electron microscopy, the average ratio of the length of the deformation surface wave to its height in the immediate vicinity of a fracture line equal to several tens is established. The smaller branches of microcracks, which are oriented at different angles to the fracture line, are found adjacent to the main crack, which is also confirmed by the results of spectral analysis.
